Abstract A new oxytrichid ciliate Notohymena saprai sp. nov was isolated from the Valley of Flowers, an isolated bioreserve in the upper Himalayas. The ciliate was found in the soil samples collected from the peripheral areas of the fl owering region of the valley which is covered with permafrost for nearly eight months in a year. Cells were excysted from the soil samples by the non-fl ooded petridish method. Species identifi cation was performed by observations on live and silver-impregnated cells. Notohymena saprai sp. nov is highly fl exible, measures 152 × 49 m and shows abundant presence of dark green sub-pellicular granules. The species is distinct by virtue of its new combination of morphometric and developmental characters. Prominent distinguishing features of the new species are its relative large size and presence of four macronuclei (other species of this genus have two macronuclei). The study also reports morphogenetic peculiarities which separate it from the other known species of the genus.
Introduction
The Valley of Flowers is a protected national park in India situated in the upper Himalayas at a height of 3250 -6750 m above sea level [1, 2] and has been isolated for long from the neighboring regions. The Valley is covered with permafrost for nearly eight months of the year. Three hundred recorded species of fl owers grow in the four summer months, one dominant form replacing another. In the fi rst ever survey of the microbial fauna, 22 ciliate species were found in soil samples from the Valley. Among these, 11 species appear to be new, indicating a high level of endemism in the ciliate fauna of the Valley [3] . Among them 17 are hypotrichs and 9 are multi-macronucleated. The authors have recently reported that six species belong to the Gonostomum-Paragonostomum group, three of which are new [3] . We report the presence of a new species of the genus, Notohymena, found in the soil samples. It is different and distinct from the fi ve known species of the genus [3] , showing a new combination of morphological, morphometric and morphogenetic characteristics. It is clearly distinguishable by the presence of four macronuclei as against two in other known species of the genus.
Materials and methods
Soil samples were collected in the early, mid and late fl owering periods during 2006-2007 from a depth of 0-10 cm from 24 sites along the permitted trekking trail of the valley (Fig. 1 ). Ciliates were obtained from these samples employing the non-fl ooded petridish method [4, 5] .
Clonal cultures of the new Notohymena species were raised from excysted cells. The cells thrive well in Pringsheim's medium with the green alga Chlorogonium elongatum as the food organism [6] exhibiting optimum growth at a temperature of 18°C ± 2°C.
Live observations of cells were made using differential interference contrast microscopy. Protargol staining [7] was used for visualizing surface ciliature. Nuclear observations were made using Feulgen stained cells. Biometric characterization was done at a magnifi cation of 1000X directly from the Leica software IM50 image manager; Leica camera DFC320 was employed for photography. Line diagrams were prepared using Corel graphics software.
Nomenclature and terminology is based on Borror [8] , Foissner [9] , Martin [10] and Wallengren [11] .
Results
Cells of a new species of the genus Notohymena were found in soil samples collected from three sites near the periphery of the protected fl owering region, close to the temporary settlement, Ghangria (squares in Fig. 1) . A description of the new species, Notohymena saprai sp. nov, is given below.
Diagnosis
Body size in vivo 149 × 49 m; cytoplasm colorless with irregularly arranged small, dark, green, sub-pellicular cortical granules and numerous fat globules; four macronuclei and 4-6 micronuclei; oral ciliature in Notohymena pattern, adoral zone of membranelles (AZM) occupying 38% of body length, paroral membrane (PM) shorter than the endoral membrane (EM); frontal-ventral-transverse (FVT) ciliature with 8 frontals (including one buccal cirrus), three post-oral ventral cirri (POVC), two pre-transverse ventral cirri (PTVC) and fi ve transverse cirri (TC); marginal cirri in one row on the left (LMC) and one row on the right (RMC) non-confl uent posteriorly, additional incomplete marginal rows often present; four dorsal kineties (DKs) and two dorso-marginal rows (DMs), three caudal cirri (CCs); de novo formation of the oral primordium (OP) close to the POVC; FVT primordia V and VI for both daughter cells arise from the OP.
Type location
Soil samples from the Valley of Flowers (30° 41' to 30° 48'N and 79° 33' to 79° 46'E), Nanda Devi Bioreserve, India.
Type material
The holotype slide has been deposited (Accession no 2008:12:4:1) in the British Natural History Museum, Cromwell Road, London SW7 5BD, UK.
Etymology
The species has been named after Professor G. R. Sapra as an acknowledgment of his contributions to the fi eld of ciliate biology. Biometric characterization of a population is given in Table 1 .
A non-divider shows the following features: The AZM extends to ca 38% of cell length, PM of the Notohymena type with a characteristic hook at the distal end, 18 FVT cirri (F 1-8 , V 1-5 and T [1] [2] [3] [4] [5] ); the transverse cirri are usually present in a curved row, sometimes in a tick mark arrangement. The FVT cirri are numbered in this form in Fig. 2 to distinguish frontal and ventral cirri from the transverse ones, but these Table 2 Parental ciliary structures associated with the origin of FVT primordia in Notohymena saprai sp. nov. Cirri are named according to Wallengren [11] . Abbreviations in parentheses are as given in Fig. 2 Daughter cell Primordium no. Parental structure associated with origin of primordium The PM disaggregates completely forming the primordium Ip which reconstitutes to form the PM and the F 2 (I/1) for the proter. The EM also reorganizes after disaggregating completely. Two streaks arise at the anterior face of the OP and proceed anteriad; three more streaks arise one after another also proceeding to the oral segment of the cell (streaks 1-5). The cirrus II/2 (buccal cirrus) disaggregates to form IIp. Some kinetosomes from streak1 appear to merge with IIp posteriorly, but whether they fi nally do so is unclear; the rest of the streak 1 gives rise to primordium IIo. Cirrus F 8 (III/2) and later F 7 (IV/3) disaggregate to form primordia IIIp and IVp respectively; streaks 2 and 3 from OP align themselves close to the posterior ends of these primordia but remain separate to later give rise to IIIo and IVo respectively. Some kinetosomes from these streaks (2 and 3) remain in the anterior region but whether they merge with IIIp and IVp posteriorly is unclear; perhaps these kinetosomes are resorbed. Streaks 4 and 5 proceed far anteriad and split to form primordia Vp and VIp as well as primordia The cirri V 1 (IV/2), V 2 (V/4) and V 3 (V/3) disaggregate to merge with the proliferating OP and it is unclear whether the streaks arising from the OP come separately from any of these cirri; it is thus diffi cult to say whether these cirri specifi cally form any of the opisthe primordia.
Thus 6 parental cirri and the PM are involved in primordial formation ( Table 2 ). The 18 FVT cirri arise from these primordia, splitting in the typical oxytrichid pattern of 1, 3, 3, 3, 4, 4.
Development of marginal rows
During division morphogenesis marginal primordia arise at each of 2 levels by ''within-row'' primordia formation utilizing 1-2 of the parental cirri at each level. The marginal primordia elongate utilizing 10-12 parental cirri and differentiate into new marginal rows. The rest of the parental marginal cirri are resorbed. Occasionally, additional short primordia develop alongside the regular ones to give rise to the extra marginal cirri (Plate III c). Fig. 19 ) to form the caudal cirri (arrowheads in Fig. 20) ; unequal split in the third primordium from the left (of the cell) to form the fourth dorsal primordia (arrows in Fig. 20) ; the four dorsal primordia give rise to the four dorsal kineties; the newly formed dorsomarginals shift to the dorsal surface (double arrows). The parental bristles that are not incorporated in primordia formation are resorbed.
Development of dorsal ciliature
The dorsal ciliature is formed as in most other oxytrichids. Three dorsal primordia DP [1] [2] [3] are formed at 2 levels within DK [1] [2] [3] . DK 4 is formed by an unequal fragmentation of the newly formed DK 3 . The 2 dorsomarginals originate close to the anterior ends of the outer RMC row primordia. Three CCs differentiate, one each at the posterior ends of the new kineties DK 1, 2 and 4 .
As cytokinesis commences, the new cirri arrange themselves according to their species-specifi c pattern while the remaining parental ciliature undergo resorption.
Reorganization morphogenesis
Cells undergo reorganization when starved or when culture conditions are not ideal. The reorganizers make a single set of ciliature which then replaces the old one (Plate III d,e). ii) The origin of the FVT primordia, especially of those for the opisthe, is unique in the family Oxytrichidae. The streaks IIo-IVo arise from the OP and their origin from any particular POVC cannot be traced as the latter disaggregate and join the OP prior to the formation of these streaks. iii) The FVT primordia Vp, VIp, Vo and VIo arise from the OP as two streaks which later split to form four. This is in contrast to the de novo origin of the Vp and VIp in the other species of Notohymena. The split of the two right-most FVT streaks is a feature seen in some members of both the sub families of family Oxytrichidae [17] , but in such cases, these streaks arise distinctly from the specifi c POVCs. iv) The origin of Ip from the reorganizing paroral membrane, IIp from cirrus II/2, IIIp from cirrus III/2, and IVp from cirrus IV/3 occurs as in most members of the family Oxytrichidae. However, in N. saprai sp. nov. they may be incorporating kinetosomes from the streaks formed for the opisthe as the latter align very close to the proter streaks. At this stage, the FVT streaks remind one of the primary primordia in Gonostomum pattern [18, 19] .
Plate I a-d
The presence of supernumerary cirri/ cirral rows is a common feature of N. saprai sp. nov. These are not retained parental cirri but are formed from extra primordia during division.
